Background: In pediatric patients with connective tissue disorders (CTDs), early cardiac presentation often involves severe mitral regurgitation (MR) associated with severe bileaflet prolapse and, less frequently, aortic root enlargement. We adopted a simplified repair to address MR and prevent systolic anterior motion (SAM) in this unique group of patients.
Results: Eighteen children who underwent surgery for severe MR and bileaflet prolapse were identified. All were treated with ring annuloplasty and Alfieri edge-to-edge repair. Median age and weight were 8.2 years (range, 0.4-17.2 years) and 24.9 kg (5.6-63.3 kg), respectively. Median left ventricular end diastolic dimension median z score was 4.9 (2.1-11.9). One patient died (5.6%), and there were no other major complications. Among survivors, 94.4% had mild regurgitation or less, with no stenosis or SAM at median clinical follow-up of 2.4 years (range, 0-13.9 years). Median left ventricular end-diastolic dimension z score regressed to 1.3 (À0.5 to 4.3). Simplified technique for mitral valve repair (edge-toedge repair).
Conclusions

Central Message
In pediatric patients with CTD and severe MR, a simplified approach is associated with intermediate-term competence, no SAM or significant stenosis, and regression of left ventricular enlargement.
Perspective
In pediatric patients with connective tissue disorders and severe MR, repair involving the valve leaflet or cordal apparatus is often difficult. Ventricular function following acute increase in afterload after repair might be poorly tolerated. We present a multicenter experience with a simplified, reproducible technique aimed at correcting regurgitation while avoiding systolic anterior motion and mitral stenosis.
See Editorial Commentary page 404.
Pediatric patients with connective tissue disorders (CTDs) will present in early childhood with aortic root enlargement, mitral regurgitation (MR), or both. MR is often the mode 3,4 From a morphologic standpoint, patients with CTD will usually manifest severe bileaflet mitral valve prolapse, annular enlargement, and left ventricular (LV) dilation. Mitral valve repair, rather than mechanical replacement, is clearly the preferred approach, whenever feasible for a growing patient, to minimize complications of chronic anticoagulation. 5, 6 During the past decade, we have used a simplified approach in pediatric and adult patients with CTD, severe bileaflet prolapse, and MR. We reviewed the cumulative experience of 3 centers to assess the short-and intermediate-term durability of this technique.
MATERIALS AND METHODS
A retrospective analysis of all patients with diagnosis of CTD who had undergone mitral valve repair was undertaken at 3 institutions (Johns Hopkins University, University of Pavia, and Duke University). Medical records and echocardiographic data of all patients age < 18 years who had undergone mitral valve repair consisting of ring mitral annuloplasty and an Alfieri edge-to-edge valvuloplasty ( Figure 1 ) were reviewed. Values are expressed as median (and range) unless otherwise specified. All operations were performed with conventional cardiopulmonary bypass and mild or moderate hypothermia. Mitral valve procedures were performed with aortic crossclamping and cardioplegic arrest. In combined procedures, the mitral valve repair was generally performed before procedures directed at the aortic root or tricuspid valve. This retrospective review was approved by the institutional review boards of the respective institutions.
FIGURE 1.
Simplified technique for mitral valve repair (edge-to-edge repair and ring annuloplasty). A, Sagittal, schematic view: The anterior and posterior leaflets are brought together by a figure-of-eight or short running full-thickness braided suture brought through and through across the zone of apposition between the 2 mitral valve leaflets, away from their free margin. B, En face view of the mitral valve. A ring annuloplasty has been completed and followed by Alfieri edge-to-edge suture valvuloplasty.
Abbreviations and Acronyms
CTD ¼ connective tissue disorder LV ¼ left ventricle LVEDD ¼ left ventricle end-diastolic dimension MFS ¼ Marfan syndrome MR ¼ mitral regurgitation SAM ¼ systolic anterior motion VSRR ¼ valve-sparing aortic root replacement
RESULTS
Between 2000 and 2014, 18 pediatric patients undergoing simplified mitral valve repair were identified. Preoperative patient characteristics are summarized in Table 1 . All children had severe preoperative bileaflet prolapse with 4þ MR and mostly preserved left ventricular function (median left ventricular ejection fraction, 58%; range, 35%-74%). Left ventricular dilation was present in all patients, with preoperative LV end-diastolic dimension (LVEDD) z score ranging between 2.1 and 11.9 (median, 4.9). A 4-month-old, 5.6-kg infant with severe infantile MFS, intractable heart failure, and severe emphysema was ventilator-dependent and being considered for mechanical support as a possible bridge to cardiac transplantation. The remainder of the procedures were undertaken on an elective basis.
Mean crossclamp time for isolated mitral valve repair was 57 AE 18 minutes, and an adult-size ring annuloplasty ring (26-32 mm) was placed in all cases (Video 1). Five patients (27.8%) required simultaneous valve-sparing aortic root replacement (VSRR), whereas 2 (the 3-month-old infant in the cohort and a 2-year-old child) required concomitant ring tricuspid annuloplasty.
One patient died (5.6%); the child had undergone simultaneous VSRR and successful mitral valve repair (mild MR on immediate postoperative transesophageal echocardiography) and experienced acute, catastrophic mediastinal bleeding immediately following extubation. The 17 survivors had no major perioperative complications, with a median postoperative stay of 9 days (range, 4-83 days). The infant with severe emphysema required a tracheostomy.
At latest median echocardiographic follow-up of 1.7 years (range, 0-12.4 years), MR was trivial, mild, and moderate in 8 (44.4%), 9 (50.0%), and 1 (5.6%) patients, respectively. None of the patients was found to have significant stenosis and none had evidence of systolic anterior motion (SAM). We observed an encouraging reduction in median LVEDD z score from 4.9 to 1.3 (range, À0.5 to 4.3) following repair ( Figure 2 ). Only 1 patient (the infant in the cohort) required reoperation during the follow-up interval, undergoing successful VSRR with reimplantation technique at age 11 months.
DISCUSSION
Pediatric patients with CTDs will often present with important mitral valve pathology. The typical morphology observed is that of bileaflet prolapse and regurgitation, resulting from the combination of leaflet redundancy and annular enlargement. Patients with severe infantile MFS will frequently present in infancy with mitral valve regurgitation before the development of significant aortic root enlargement, the latter more typically being observed later in childhood. When indications to proceed with surgical intervention for severe mitral valve regurgitation are present, 7 several factors must be considered: the pathophysiology of the disease; the possible need for reintervention during childhood or later in life on either the mitral valve or aortic root; and the desirability, for obvious reasons, of avoiding the need for anticoagulation during childhood.
Furthermore, pediatric patients with CTD will often present substantial additional challenges to surgical repair such as skeletal abnormalities (pectus excavatum and/or severe scoliosis), limited pulmonary reserve, and concomitant need for aortic root intervention or tricuspid annuloplasy. In addition, patients with CTD can disclose limited tolerance to acute correction of MR and the resulting immediate postoperative increase in LV afterload, 8, 9 potentially requiring substantial perioperative support with inotropic and afterload-reducing agents. These important issues must be kept in mind at the time of mitral valve intervention, with the goal of expeditiously achieving an effective and durable repair. Several techniques have been used to correct mitral valve regurgitation in the setting of bileaflet prolapse in children. 10 These include leaflet resection, cord or papillary muscle shortening, chordal transfer, and insertion of artificial chords, in addition to stabilization of the mitral annulus with a ring annuloplasty. Although effective, these techniques imply a substantial learning curve and are not routinely used by surgeons who deal primarily with congenital heart disease. Either failure of these techniques in less experienced hands, or the assumption that these more complicated procedures are necessary to achieve satisfactory and durable mitral valve repair, may in turn lead to a lower threshold for valve replacement.
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The technique of edge-to-edge mitral valve repair was originally described in adult patients by Alfieri and colleagues, [12] [13] [14] [15] and is illustrated in Figure 1 . The technique is simple, easily reproducible, and its efficacy in correcting complex prolapse can be rapidly assessed. The ring annuloplasty should be performed first; we use a partial annuloplasty band (Cosgrove-Edwards annuloplasty band; Edwards LifeSciences, Irvine, Calif), at least 2 sizes larger than the measured intertrigonal distance. This is done to avoid undersizing, and to minimize the chance of postoperative mitral stenosis. As in this series, most pediatric patients with CTD will accept a ring of adult dimensions, obviating the concerns for somatic outgrowth of the repair. Apposition of the A2 and P2 scallops of the mitral valve is then performed with a 2-0 or 3-0 braided suture (Ethibond Excel; Ethicon, Somerville, NJ) as a figure-8 or short running stitch, tied over a pledget if the leaflet tissue does not appear robust. It is important (Figure 1, A) to place the full-thickness suture away from the free margin of the leaflets. This results in downward displacement of the zone of apposition between anterior and posterior leaflets, preventing persistent prolapse while avoiding SAM.
Most patients in this series had substantial preoperative LV enlargement with preserved ejection fraction, albeit in the presence of severe MR. We were pleased to observe an effective and stable reduction of LVEDD z scores to within normal range (ie, 4.9-1.3) at intermediate-term follow-up.
CONCLUSIONS
We believe that the technique described offers the ability to effectively correct mitral valve regurgitation in children with CTDs and complex mitral valve prolapse, without causing SAM or stenosis. In addition, it enables a surgeon to effectively and quickly address mitral valve regurgitation in this unique group of pediatric patients who might have limited respiratory reserve or need concomitant artic root replacement, without the need for complex intervention on the subvalvular apparatus.
